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(57) ABSTRACT

A refrigerator includes a compressor, a condenser, an expan-
sion unit, an evaporator for evaporating a refrigerant that has
passed through the expansion unit, a heating unit for provid-
ing heat for defrosting the evaporator, a photographing device
provided at one side of the evaporator and disposed to pho-
tograph the evaporator, so as to sense the amount of frost on
the evaporator, the photographing device including a photo-
graphing unit for photographing frost on the evaporator and
the surrounding background, and a control unit configured to
determine the amount of frost on the evaporator from an
image taken by the photographing device by acquiring pixel
values which are proportionate to the amount of frost on the
evaporator by applying image processing which includes
binarization that separates the frost from other acquired
images to determine the amount of frost on the evaporator, the
control unit further configured to control the heating unit to
operate when the amount of frost exceeds a predetermined
amount.
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Fig. 3
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Fig. 8

|—

DOOR
——290
210 SWITCH
| SOUNDSOURCE TRANSMITTING UNIT ——
CONTROL UNIT HEATING UNIT
| SOUNDSOURCE RECEIVING UNIT |——
X \ 140

220 250



U.S. Patent May 3, 2016 Sheet 9 of 15 US 9,328,953 B2

Fig. 9
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Fig. 10
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1
REFRIGERATOR AND CONTROLLING
METHOD THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a refrigerator and a con-
trolling method thereof.

2. Description of the Related Art

In general, refrigerators are apparatuses that can keep food
fresh for a predetermined period by cooling a storage cham-
ber, that is, a freezing compartment or a cool chamber while
repeating a refrigeration cycle. The refrigeration cycle
includes a compressor, a condenser, an expansion unit, and an
evaporator.

The refrigerators include a main body that forms storage
spaces and doors that selectively close the main body.
Reserves are received in the storage spaces and a user can
open the doors to take out the reserves.

Meanwhile, the evaporator is a heat exchanger that sup-
plies cold air to the freezing compartment or the cool cham-
ber. When the evaporator is used for a long period of time, wet
air freezes and frosts over the outer side of the evaporator.

According to the refrigerators of the related art, there is a
problem in that heat exchange efficiency of the evaporator is
reduced by the frost on the surface of the evaporator, and
accordingly, the cold air cannot easily supplied to the storage
chamber.

SUMMARY OF THE INVENTION

The present invention has been made in an effort to provide
a refrigerator in which an evaporator with frost can be effec-
tively defrosted.

Further, the present invention provides a refrigerator that
can sense the amount of frost on an evaporator by using
soundsource transmitting and receiving units.

Further, the present invention provides a refrigerator that
can sense the amount of frost on an evaporator by using a
photographing device.

An aspect of the present invention provides a refrigerator
including: a compressor, a condenser, and an expansion unit
that constitute a refrigeration cycle; an evaporator that evapo-
rates a refrigerant that has has passed through the expansion
unit; a heating unit that provides heat for defrosting the evapo-
rator; and a frost sensor unit that is provided at one side of the
evaporator to sense the amount of frost on the evaporator, in
which the operation of the frost sensor unit starts on the basis
of whether operation conditions of the frost sensor unit are
recognized and the heating unit selectively generates heat in
accordance with the sensing result of the frost sensor unit.

Another aspect of the present invention provides a refrig-
erator including: a storage chamber where reserves are cooled
and stored; an evaporator that supplies cold air to the storage
chamber; a defrosting heater that removes frost generate on
the surface of the evaporator; a transmitting unit that is pro-
vided at one side of the evaporator and transmits a sound wave
or an ultrasonic signal of a predetermined magnitude; a
receiving unit that receives a signal of a magnitude smaller
than that of the sound wave or the ultrasonic signal; and a
control unit that controls the defrosting heater to operate,
when the magnitude of the signal received by the receiving
unit is smaller than a predetermined value.

Another aspect of the present invention provides a refrig-
erator including: a storage chamber where reserves are
stored; an evaporator that expands a refrigerant to supply cold
air to the storage chamber; a heating unit that defrosts the
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2

evaporator; a photographing unit that is provided at one side
of the evaporator and operates to take a picture of the evapo-
rator and the portion around the evaporator; and a control unit
that determines the amount of frost on the evaporator by
separating the image of the evaporator and the image of the
portion around the evaporator from the image taken by the
photographing.

Another aspect of the present invention provides a method
of controlling a refrigerator, which includes: exchanging heat
in an evaporator, when a refrigeration cycle is performed;
operating a frost sensor unit that senses the amount of frost on
the evaporator, when a predetermined condition is satisfied;
recognizing the amount of frost on the evaporator; and deter-
mining operation of a heating unit on the basis of whether the
amount of frost is a predetermined value or more.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a perspective view of a refrigerator according to a
first exemplary embodiment of the present invention.

FIG. 2 is a view showing the portion “A” of FIG. 1 with a
cover plate removed.

FIG. 3 is a view showing the operations of a soundsource
transmitting unit and a soundsource receiving unit according
to the first exemplary embodiment of the present invention.

FIG. 4 is a block diagram showing the configuration of the
refrigerator according to an exemplary embodiment of the
present invention.

FIG. 5 is a flowchart showing the operation of the refrig-
erator according to the first exemplary embodiment of the
present invention.

FIG. 6 is a view showing the configuration of a refrigerator
according to a second exemplary embodiment of the present
invention.

FIG. 7 is a view showing the configuration of a refrigerator
according to a third exemplary embodiment of the present
invention.

FIG. 8 is a block diagram showing the configuration of a
refrigerator according to a fourth exemplary embodiment of
the present invention.

FIG. 9 is a flowchart showing the operation of the refrig-
erator according to the fourth exemplary embodiment.

FIG. 10 is a block diagram showing the configuration of a
refrigerator according to a fifth exemplary embodiment of the
present invention.

FIG. 11 is a view showing the portion “A” of FIG. 1 with
the cover plate removed, as a sixth exemplary embodiment of
the present invention.

FIG. 12 is a block diagram showing the configuration of a
refrigerator according to the sixth exemplary embodiment of
the present invention.

FIG. 13 is a flowchart showing the operation of the refrig-
erator according to the sixth exemplary embodiment of the
present invention.

FIG. 14 is a block diagram showing the configuration of a
refrigerator according to a seventh exemplary embodiment of
the present invention.

FIG. 15 is a flowchart showing the operation of the refrig-
erator according to a seventh exemplary embodiment of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Detailed exemplary embodiments of the present invention
will be described hereafter with reference to the drawings.
However, the spirit of the present invention is not limited to
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the exemplary embodiments and other exemplary embodi-
ments may be proposed by those understanding the spirit of
the present invention without departing from the spirit.

FIG. 1 is a perspective view of a refrigerator according to a
first exemplary embodiment of the present invention, FIG. 2
is a view showing the portion “A” of FIG. 1 with a cover plate
removed, and FIG. 3 is a view showing the operations of a
soundsource transmitting unit and a soundsource receiving
unit according to the first exemplary embodiment of the
present invention.

Referring to FIGS. 1 to 3, a refrigerator 1 according to the
first exemplary embodiment of the present invention includes
a main body 10 in which a storage chamber is formed and of
which the front is open. A freezing compartment 11 and a cool
chamber 12 are included in the storage chamber and they may
be separated by a partition 15.

Further, the main body 10 includes an inner case 10q that
forms at least one side of the storage chamber. The inner
external appearance of the storage chamber may be defined
by the inner case 10a.

The refrigerator 1 includes a freezing compartment door 21
and a cool chamber door 22 that are rotatably connected to the
front of the main body 10 and selectively close the freezing
compartment 11 and the cool chamber 12, respectively.

In the present exemplary embodiment, a side-by-side type
having a freezing compartment and a cool chamber at the left
and right is exemplified. However, it should be understood
that the spirit of the present invention may be applied to a
top-mount type in which a freezing compartment is formed at
the upper portion and a cool chamber is formed at the lower
portion or a bottom-freezer type in which a freezing compart-
ment is formed at the lower portion and a cool chamber is
formed at the upper portion.

In detail, the storage chamber includes a shelf 52 where
reserves can be received and a storage box 54 that can be
drawn. Further, a plurality of door baskets 56 where reserves
are received may be provided on the rear sides of the doors 21
and 22.

On the other hand, a cold air exit 32 through which the cold
air generated by the evaporator 100 is discharged to the freez-
ing compartment 11 is formed in the freezing compartment
11. The cold air exit 32 is provided at the rear side of the
freezing compartment 11 and may be formed through a cover
plate 30. Further, the evaporator 100 is disposed behind the
cover plate 30.

A cold air inlet 31 through which the cold air that has
circulated in the freezing chamber 11 flows into the evapora-
tor 100 is formed at the cover plate 30. The cold air inlet 31
may be formed at the lower portion of the cover plate 30.

The cold air generated by the evaporator 100 is discharged
to the freezing compartment 11 through the cold air exit 32
and the cold air that has circulated in the freezing compart-
ment 11 can be moved to the evaporator 100 through the cold
air inlet 31 and cooled again.

The evaporator 100 includes a refrigerant pipe 110 through
which a refrigerant flows and cooling fins 120 in which the
refrigerant pipe 110 is inserted and allows easy heat exchange
between the refrigerant and the surrounding air.

The refrigerant that has passed through the refrigerant pipe
110 may flow again to a compressor (not shown) through an
accumulator 180.

Further, aheating unit 140 that removes frost on the surface
of'the evaporator 100 is provided under the evaporator 100. A
defrosting heater may be included in the heating unit 140. The
heating unit 140 operates with heat exchange stopped in the
evaporator 200 and can remove frost by supplying heat to the
evaporator 240.
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A defrosted water basin 130 where defrosted water gener-
ated while defrosting the evaporator 100 collects is provided
under the evaporator 100.

Meanwhile, a sensor unit 200 that senses the amount of
frost on the evaporator, using transmitted/received sound-
sources (sound wave or ultrasonic wave), is provided at one
side of the evaporator 100. The sensor unit 200 may be
referred to as a “frost sensor unit™.

The sensor unit 200 includes a soundsource transmitting
unit 210 that transmits a predetermined magnitude of volume
and a soundsource receiving unit 220 that receives the sound-
source transmitted from the soundsource transmitting unit
210 and then reflected from the evaporator 100.

The soundsource transmitting unit 210 may be a sound
wave transmitting unit that transmits a sound wave within the
audio frequency band or an ultrasonic wave transmitting unit
that transmits an ultrasonic wave at the audio frequency band
or more.

The soundsource receiving unit 220 may be a microphone
that receives a sound wave or an ultrasonic sensor that
receives an ultrasonic wave.

The soundsource transmitting unit 210 and the sound-
source receiving unit 220 may be mounted on a sensor mount-
ing portion 160. The sensor mounting portion 160 is provided
to the inner case 10a and may be disposed above the evapo-
rator 100.

Further, a reflective plate 150 that reflects the soundsource
transmitted from the soundsource transmitting unit 210 is
provided under the evaporator 100. The reflective plate 150
may be integrally formed with the defrosted water basin 130.
However, the reflective plate 150 may be removed and the
defrosted water basin 130 may perform the function of the
reflective plate.

The operation of the sensor unit will be briefly described.

A sound-source of a predetermined magnitude of volume
is transmitted from the soundsource transmitting unit 210.
The transmitted soundsource is reflected from the reflective
plate 150 or the defrosted water basin 130 through the evapo-
rator 100. Obviously, a portion of the transmitted sound-
source may be reflected from the refrigerant pipe 110 or the
cooling fins 120 of the evaporator 100.

Further, the reflected soundsource is received by the sound-
source receiving unit 220 through the evaporator 100 again.

In this process, the frost on the evaporator 100 may absorb
the transmitted soundsource. Therefore, the soundsource
absorbed into the frost is not received by the soundsource
receiving unit 220.

As a result, the magnitude (volume) of the soundsource
received by the soundsource receiving unit 200 may be
slightly smaller than the magnitude of the soundsource trans-
mitted from the soundsource transmitting unit 210. Further, it
may be determined that the smaller the magnitude of the
soundsource received by the sound-source receiving unit 200
is, the more the frost is made on the evaporator 110.

FIG. 4 is a block diagram showing the configuration of the
refrigerator according to an exemplary embodiment of the
present invention and FIG. 5 is a flowchart showing the opera-
tion of the refrigerator according to the first exemplary
embodiment of the present invention.

Referring to FIGS. 4 and 5, the refrigerator 1 according to
the first exemplary embodiment of the present invention
includes the soundsource transmitting unit 210 that transmits
a sound-source of a predetermined volume to the evaporator
100 and a soundsource receiving unit 220 that receives at least
a portion of the soundsource transmitted from the sound-
source transmitting unit 210.
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Further, the refrigerator 1 includes a timer 280 that shows
the point of time of operations of the soundsource transmit-
ting unit 210 and the soundsource receiving unit 220 and a
control unit 250 that starts to control the soundsource trans-
mitting unit 210 and the soundsource receiving unit 220 at the
time counted by the timer 280.

The timer 280 can count the time that has passed after the
refrigeration cycle is operated in the refrigerator 1, for
example, after the power of the refrigerator is turned on or the
compressor (not shown) is operated.

When the time counted by the timer 280 reaches a prede-
termined time, the control unit 250 can control the operations
of'the soundsource transmitting unit 210 and the soundsource
receiving unit 220. The predetermined time may have one
time value, in which the soundsource transmitting unit 210
and the soundsource receiving unit 220 may operate with a
cycle of a predetermined time interval.

The refrigerator 1 includes the heating unit 140 that supply
a predetermined amount of heat to remove the frost on the
evaporator 100. The control unit may control the operation of
the heating unit 140 on the basis of the volume sensed from
the soundsource transmitting unit 210 and the soundsource
receiving unit 220.

A method of controlling the refrigerator according to the
present exemplary embodiment will be described with refer-
ence to FI1G. 5.

When the power of the refrigerator is turned on or the
compressor starts to be operated, the refrigeration cycle in
which the refrigerant flows through the compressor, the con-
denser, the expansion unit, and the evaporator is operated. In
this process, the evaporator 100 functions to evaporate the
refrigerant that has passed through the expansion unit (S11).

As the refrigeration cycle is operated, the timer 280 mea-
sures the operation time of the cycle. Further, it is determined
whether the operation time measured by the timer 280 has
passed a predetermined time.

The predetermined time may correspond to a time value
where frosting can be generated after the refrigeration cycle is
operated. That is, the predetermined time may be used as a
variable that determines the operational conditions of the
sensor unit 200 (S12 and S13).

When the measured operation time has passed the prede-
termined time, a soundsource with the first volume is gener-
ated by the soundsource transmitting unit 210 and transmitted
to the evaporator 100. The first volume may be a volume of a
predetermined magnitude. However, when the measured
operation time did not pass the predetermined time, the pro-
cess returns to step S12 (S14).

A portion of the soundsource transmitted from the sound-
source transmitting unit 210 is absorbed into the frost on the
evaporator 100. Further, the other of the soundsource is
reflected from the reflective plate 150, the defrosted water
basin 130, or the refrigerant pipe 110 and the cooling fins 120,
and received by the soundsource receiving unit 220.

The soundsource received by the soundsource receiving
unit 220 may be defined to have the magnitude of a second
volume. The second volume may be set to be smaller than the
first volume, and the larger the amount of the sound-source is
absorbed into the frost, the smaller the magnitude of the
second volume may be. That is, the amount of frost on the
evaporator 100 and the received volume may be in inverse
proportion.

In other words, the difference value between the first vol-
ume and the second volume may change in proportion to the
amount of frost on the evaporator 100.
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When the soundsource is received by the soundsource
receiving unit 220, whether the difference between the first
volume and the second volume is a predetermined value or
more is determined (S16).

When the difference between the first volume and the sec-
ond volume is the predetermined value or more, it is deter-
mined that the amount of frost is large, and accordingly, the
heating unit 140 is operated and the evaporator can be
defrosted. However, when the difference between the first
volume and the second volume is smaller than the predeter-
mined value, the process may return to step S12 (S17).

According to the configuration and control method, there is
an effect that the actual amount of frost on the evaporator 100
can be sensed in accordance with the operation of the sensor
unit 200 and defrosting can be performed in accordance with
the sensed amount.

FIG. 6 is a view showing the configuration of a refrigerator
according to a second exemplary embodiment.

Referring to FIG. 6, a soundsource transmitting unit 310
according to the second exemplary embodiment is disposed
under the evaporator 100 and a soundsource receiving unit
320 is disposed above the evaporator 100. The soundsource
transmitting unit 310 is fixed to a first fixing portion 350 and
the soundsource receiving unit 320 is fixed to a second fixing
portion 360.

The operation of the soundsource transmitting unit 310 and
the soundsource receiving unit 320 according to the present
exemplary embodiment will be briefly described.

As described in the first exemplary embodiment, when a
predetermined condition, that is, the operation time of the
refrigeration cycle has passed a predetermined time, a sound-
source is transmitted from the soundsource transmitting unit
310. The transmitted soundsource is received by the sound-
source receiving unit 320 through the evaporator 100. How-
ever, at least a portion of the transmitted soundsource is
absorbed into frost on the evaporator 100.

As a result, the magnitude of the soundsource received by
the soundsource receiving unit 320 may be smaller than the
magnitude of the soundsource transmitted from the sound-
source transmitting unit 310, by the magnitude of the sound-
source absorbed into the frost.

When the difference in magnitude of the volumes sensed
from the soundsource transmitting unit 310 and the sound-
source receiving unit 320 is a predetermined value or more, it
is determined that the amount of frost on the evaporator is
large, and accordingly, the heating unit 140 can operate and
perform defrosting.

FIG. 7 is a view showing the configuration of a refrigerator
according to a third exemplary embodiment of the present
invention.

Referring to FIG. 7, a refrigerator 1 according to the third
exemplary embodiment of the present invention includes a
soundsource transmitting/receiving unit 410 that transmits/
receives a soundsource, at one side of the evaporator 100. The
soundsource transmitting/receiving unit 410 may be mounted
and fixed to the sensor mounting portion 160.

A reflective plate 450 that reflects a soundsource may be
proposed opposite the sensor mounting portion 160.

A predetermined soundsource (sound wave or ultrasonic
wave) may be transmitted to the soundsource transmitting/
receiving unit 410 in response to an order from the control
unit 250. In particular, the ultrasonic wave is useful for mea-
suring reverberation, and thus may be applied as the sound-
source in the present exemplary embodiment.

A portion of the transmitted soundsource is absorbed into
frost on the evaporator and the other of the soundsource is
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reflected from the reflective plate 450 or the defrosted water
basin 130 and then received by the soundsource transmitting/
receiving unit 410.

When the difference in volume transmitted and received by
the soundsource transmitting/receiving unit 410 is a prede-
termined value or more, it is determined that the amount of
frost on the evaporator 100 is large. In this case, the control
unit 250 controls the heating unit 140 to defrost the evaporator
100.

FIG. 8 is a block diagram showing the configuration of a
refrigerator according to a fourth exemplary embodiment of
the present invention and FIG. 9 is a flowchart showing the
operation of the refrigerator according to the fourth exem-
plary embodiment.

Referring to FIG. 8, a refrigerator 1 according to the fourth
exemplary embodiment of the present invention includes a
soundsource transmitting unit 210 that transmits a sound-
source, a soundsource receiving unit 220 that receives the
transmitted soundsource that reflects from or passes through
a predetermined portion, a heating unit 140 that generates
heat to defrost the evaporator 100, a door switch 290 that
senses whether the doors 21 and 22 are opened, and a control
unit 250 that controls these components.

A method of controlling the refrigerator according to the
present exemplary embodiment will be described with refer-
ence to F1G. 9.

While the refrigeration cycle is operated after the power of
the refrigerator is turned on, the number of times of opening
the doors 21 and 22 can be sensed by the door switch 290.

When the doors 21 and 22 are frequently opened, wet air
with predetermined humidity flows into the storage chambers
11 and 12 and the inflow wet air is likely to become frost on
the evaporator 100 under a low-temperature environment
(S21 and S22).

When the number of times of opening the doors 21 and 22
reaches a predetermined number of times, the soundsource
transmitting unit 210 transmits a sound-source of a first vol-
ume. The transmitted soundsource reflects or passes around
the evaporator 100 and is received by the soundsource receiv-
ing unit 220.

That is, the soundsource transmitting unit 210 and the
soundsource receiving unit 220 may be operated in accor-
dance with whether a predetermined condition, that is, the
number of times of opening the doors 21 and 22 reaches a
predetermined number of times. In other words, the “number
of times of opening the doors” may be used as a variable that
determines the operational condition of the sensor unit 200.

On the contrary, when the number of times of opening the
doors 21 and 22 does not reach the predetermined number of
times, the process returns to step S22.

In this process, the volume received by the soundsource
receiving unit 220 may be defined as a second volume. A
portion of the soundsource received by the soundsource
receiving unit 210 is absorbed into the frost on the evaporator
100, and thus may not be received by the sound-source receiv-
ing unit 220. As a result, the second volume may have a value
smaller than the first volume (S23, S24, and S25).

Whether the difference between the first volume and the
second volume is a predetermined value is determined. When
the difference is the predetermined value or more, the heating
unit 140 is operated to remove the frost on the evaporator 100,
thereby defrosting the evaporator. However, when the differ-
ence is smaller than the predetermined value, the process may
return to step S22 (S26 and S27).

Other exemplary embodiments will be proposed.

In the present exemplary embodiment, although the opera-
tions of the soundsource transmitting unit 210 and the sound-
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source receiving unit 220 are controlled in accordance with
the number of times of opening the doors 21 and 22 by using
the door switch 290, unlikely, the operations may be con-
trolled in accordance with the open time of the doors 21 and
22.

That is, a “door open time” may be used as a variable that
determines the operational condition of the sensor unit 200.

When the open time of the doors 21 and 22 has passed a
predetermined time, the volumes transmitted/received by the
operations of the soundsource transmitting unit 210 and the
soundsource receiving unit 220 can be sensed. Further, the
amount of frost on the evaporator 100 may be determined and
the operation of the heating unit 140 may be controlled in
accordance with the sensed volume.

FIG. 10 is a block diagram showing the configuration of a
refrigerator according to a fifth exemplary embodiment of the
present invention.

Referring to FIG. 10, a refrigerator 1 according to the fifth
exemplary embodiment of the present invention includes an
evaporator fan 115 that generates a predetermined volume, a
soundsource receiving unit that receives the soundsource that
is transmitted from the evaporator fan 115 and reflects or
passes around the evaporator 100, a timer for determining the
operation time of the soundsource receiving unit 220, a heat-
ing unit 140 that defrosts the evaporator 100, and a control
unit 250 that controls these components.

The evaporation fan 115 is disposed at one side of the
evaporator 100 and discharges the cold air generated from the
evaporator 100 to the storage chamber. The magnitude of the
sound generated by the evaporator fan 115 may be stored in
advance in the control unit 250.

When the operation time of the refrigeration cycle has
passed a predetermined time, the control unit 250 controls the
soundsource receiving unit 220 and the magnitude of the
received soundsource can be sensed.

Further, when the magnitude of the sound of the evaporator
fan 115 and the volume of the soundsource receiving unit 220
are a predetermined magnitude or more, it is determined that
the amount of frost on the evaporator 100 is large and the
heating unit 150 can operate and defrost the evaporator.

According to this configuration, it is possible to sense the
volume by using the evaporator fan without a specific sound-
source receiving unit, and accordingly, there is an effect that
the manufacturing cost can be reduced.

A sixth exemplary embodiment of the present invention
will be described hereafter. Comparing the present exemplary
embodiment with the exemplary embodiments described
above, there is a difference only in the configuration for
determining the amount of frost on the evaporator; therefore,
the difference is mainly described and the description and
reference numerals of the exemplary embodiments described
above are used for the same configurations.

FIG. 11 is a view showing the portion “A” of FIG. 1 with
the cover plate removed, as a sixth exemplary embodiment of
the present invention.

Referring to FIG. 11, a photographing device 500 that
photographs an evaporator 100 according to the sixth exem-
plary embodiment of the present invention to sense the
amount of frost on the evaporator is provided at one side of the
evaporator 100. The photographing device 500 may be
referred to as a “frost sensor unit™.

In detail, the photographing device 500 includes a photo-
graphing unit 510 that take an image of the evaporator 100,
that is, a shape of frost on a refrigerant pipe 110 and cooling
fins 120 that constitute the evaporator 100 and the evaporator
100, and a lighting unit 520 that is provided at one side of the
photographing unit 510 and emits light to the evaporator 100.
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A heater (not shown) may be provided around a lens (not
shown) or the lighting unit 520 provided in the photographing
unit 510. The photographing unit 510 and the lighting unit
520 may be exposed to a low-temperature environment and
frosted, thus the heater may prevent frosting by operating
periodically or at a predetermined time.

The lighting unit 520 includes an LED. The lighting unit
520 is turned on when the photographing unit 510 takes a
picture, and may keep off when the photographing unit 510
does not take a picture.

Although it is described in the present exemplary embodi-
ment that the photographing unit 510 and the lighting unit 520
are separately configured, unlikely, the lighting unit 520 may
be integrally formed with the photographing unit 510. That is,
the lighting unit 520 may be provided at the photographing
unit 510 to simultaneously on-operate when the photograph-
ing unit 510 takes a picture.

FIG. 12 is a block diagram showing the configuration of a
refrigerator according to the sixth exemplary embodiment of
the present invention and FIG. 13 is a flowchart showing the
operation of the refrigerator according to the sixth exemplary
embodiment of the present invention.

Referring to FIGS. 12 and 13, a refrigerator 1 according to
a sixth exemplary embodiment of the present invention
includes the photographing unit 510 and the lighting unit 520
for photographing the evaporator 100, a timer 280 that deter-
mines the operation time of the photographing unit 510 and
the lighting unit 520, a heating unit 140 that generates heat to
defrost the evaporator 100, and a control unit 250 that controls
these components.

The timer 280 can count the time that has passed after the
refrigeration cycle is operated in the refrigerator 1, for
example, after the power of the refrigerator is turned on or the
compressor (not shown) is operated.

When the time counted by the timer 280 reaches a prede-
termined time, the control unit 250 can control the operations
of the photographing unit 510 and the lighting unit 520. The
predetermined time may have one time value, in which the
photographing unit 510 and the lighting unit 520 may operate
with a cycle of a predetermined time interval.

As described above, since the photographing unit 510 and
the lighting unit 520 are selectively operated in accordance
with a predetermined condition (time), there is an advantage
in that the power consumption can be reduced.

When it is determined that a predetermined amount of or
more frost is generated, from the image taken by the photo-
graphing unit 510, the control unit 250 operates the heating
unit 140 and the frost on the evaporator 100 can be melted and
removed.

The process of determining the amount of frost from an
image taken by the photographing unit 510 will be described
hereafter.

The original image taken by operating the photographing
unit 510 includes frost (object) on the evaporator 100 and the
background around the frost. The background may include
the image of the refrigerant pipe 110 and the cooling fins 120
that constitute the evaporator 100, or the image around the
evaporator 100.

The frost may have a higher brightness value, that is a light
color, than the background. An image processing method that
acquires a pixel value that is proportion to the amount of frost
on the evaporator 100, particularly, binarization may be
applied in order to separate the frost from the background.

The “binarization” means a work of changing (binarizing)
the pixels to O and 1 (or 255) in accordance with the brightness
value of the image. The object in the image can be separated
from the background by the binarization.
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In this exemplary embodiment, the object may correspond
to the frost and the background may correspond to the image
around the frost.

A critical value to be a reference is defined to separate the
frost from the background. The pixels of a brightness value
higher than the critical value are recognized as 255 and the
pixels of a brightness value lower than the critical value are
recognized as 0.

For example, when a pixel in an image taken by the pho-
tographing unit 510 has brightness of 150 and the critical
value is set to 120, the pixel is recognized as 255 and can be
determined as frost.

On the contrary, when another pixel has brightness of 110
and the critical value is set to 120, the pixel is recognized as 0
and can be determined as the background. For the conve-
nience of description, the pixel corresponding to 255 are
referred to as a “bright pixel” and the pixel corresponding to
0 is referred to as a “dark pixel” hereafter.

The critical value may be set as an appropriate value in
consideration of the brightness of the background of the
evaporator 100 and the frost. Further, the critical value may be
set and stored in advance in the control unit 250.

Further, the binarization is programmed and stored in the
control unit 250 and the control unit 250 divides the image
taken by the photographing unit 510 into bright pixels and
dark pixels by applying binarization. The bright pixels corre-
spond to frost and the dark pixels correspond to the portion
corresponding to the background.

Since the pixel values corresponding to frosting on the
evaporator 100 are in proportion to the amount of frost on the
evaporator 100, when it is sensed that the number of bright
pixels is a predetermined number or more, it may be possible
to determine that a predetermined amount of or more frost is
on the evaporator 100.

The control unit may control the heating unit 140 to per-
form defrosting.

A method of controlling the refrigerator 1 according to the
present exemplary embodiment is described with reference to
FIG. 13.

When the power of the refrigerator is turned on or the
compressor starts to operate, the refrigeration cycle is oper-
ated while the refrigerant flows through the compressor, the
condenser, the expansion unit, and the evaporator. The evapo-
rator 100 functions to evaporate the refrigerant that has
passed through the expansion unit (S31).

As the refrigeration cycle is operated, the timer 280 mea-
sures the operation time of the cycle. Further, it is determined
that whether the operation time measured by the timer 280 has
passed a predetermined time (S32 and S33).

When the measured operation time has passed the prede-
termined time, the lighting unit 520 is turned on and the
photographing unit 510 operates and photographs the frost on
the evaporator 100 and the surrounding background. How-
ever, when the measured operation time did not pass the
predetermined time, the process returns to step S32 (S34 and
S35).

Further, when the photographing unit 510 finishes photo-
graphing, the power of the photographing unit 510 and the
lighting unit 520 is turned off. There is an advantage in that
unnecessary consumption of power can be prevented by the
control (S36).

Binarization is applied to the image taken by the photo-
graphing unit 510. When binarization is applied to the image,
the frost on the evaporator 100 is defined by bright pixels and
the background around the frost is defined by dark pixels. The
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amount of frost on the evaporator 100 can be determined in
accordance with the number of the bright pixels (S37 and
S38).

When it is determined that the number of the bright pixels
is larger than a predetermined number of pixels, that is, when
it is determined that the amount of frost on the evaporator 100
is larger than a predetermined value (amount), the heating
unit 140 operates and the evaporator can be defrosted. How-
ever, when it is determined that the amount of frost on the
evaporator 100 is smaller than the predetermined value
(amount), the process may return to step S32 (S39 and S40).

According to these configuration and control method, there
is an effect that the actual amount of frost on the evaporator
100 can be sensed by the operation of the photographing
device 500 and defrosting can be performed in accordance
with the sensed amount.

FIG. 14 is a block diagram showing the configuration of a
refrigerator according to a seventh exemplary embodiment of
the present invention and FIG. 15 is a flowchart showing the
operation of the refrigerator according to a seventh exemplary
embodiment of the present invention.

Referring to FIGS. 14 and 15, a refrigerator 1 according to
the seventh exemplary embodiment includes a photographing
unit 510 that takes a picture, a lighting unit 520 that lights the
evaporator 100 such that the photographing unit 510 can
easily take a picture, and a heating unit 140 that generates heat
to defrost the evaporator 100.

Further, the refrigerator 1 further includes a timer 280 that
counts the operation time of the photographing unit 510 and
the lighting unit 520, a door switch 290 that senses whether
the doors 21 and 22 are opened, and a control unit 250 that
controls these components.

A method of controlling the refrigerator according to the
present exemplary embodiment will be described with refer-
ence to FI1G. 15.

While the refrigeration cycle is operated after the power of
the refrigerator is turned on, the number of times of opening
the doors 21 and 22 can be sensed by the door switch 290.

When the doors 21 and 22 are frequently opened, wet air
with predetermined humidity flows into the storage chambers
11 and 12 and the inflow wet air is likely to become frost on
the evaporator 100 under a low-temperature environment
(S51 and S52).

When the number of times of opening the doors 21 and 22
reaches a predetermined number of times, the lighting unit
520 is turned on and the photographing unit 510 operates to
photograph frost on the evaporator 100 and the surrounding
background. That is, the photographing unit 510 and the
lighting unit 520 may be operated in accordance with whether
a predetermined condition, that is, the number of times of
opening the doors 21 and 22 reaches a predetermined number
of times.

On the contrary, when the number of times of opening the
doors 21 and 22 does not reach the predetermined number of
times, the process returns to step S52 (S53, S54, and S55).

Further, when the photographing unit 510 finishes photo-
graphing, the power of the photographing unit 510 and the
lighting unit 520 is turned off. There is an advantage in that
unnecessary consumption of power can be prevented by the
control (S56).

The amount of frost on the evaporator 100 is determined by
applying binarization to the image taken by the photograph-
ing unit 510 (S57 and S58).

When it is determined that the amount of frost on the
evaporator 100 is a predetermined value (amount) or more,
the heating unit 140 operates and defrosts the evaporator (S59
and S60).
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However, when it is determined that the amount of frost on
the evaporator 100 is smaller than a predetermined value
(amount), the operation time of the following refrigeration
cycle is measured by the timer 280 (S61).

When the time measured by the timer 280 has passed a
predetermined time, the process returns to step S54 and the
photographing unit 510 and the lighting unit 520 operate
(S62). Further, step S24 to step S30 are performed again.

On the contrary, when the time measured by the timer 280
did not pass the predetermined time, step S61 is performed.

Another exemplary embodiment will be proposed.

Although the operations of the photographing unit 510 and
the lighting unit 520 are controlled in accordance with the
number of times of opening the doors 21 and 22 by using the
door switch 290 in the present exemplary embodiment,
unlikely, the operations may be controlled in accordance with
the open time of the doors 21 and 22.

That is, when the open time of the doors 21 and 22 has
passed a predetermined time, the photographing unit 510 and
the lighting unit 520 operate and the image of the frost on the
evaporator 100 and the background can be acquired. Further,
it is possible to determine the amount of frost on the evapo-
rator 100 from the acquired image and to control the operation
of the heating unit 140.

According to a refrigerator of the present invention, it is
possible to determine the amount of frost on the evaporator by
using a frost sensor unit, thereby achieving remarkable indus-
trial applicability.

According to arefrigerator of an exemplary embodiment of
the present invention, it is possible to easily determine the
amount of frost on the evaporator in accordance with the
difference between the volume transmitted from the sound-
source transmitting unit and the volume received by the
sound-source receiving unit, and to effectively defrost the
evaporator in accordance with the determined amount of
frost.

Further, since the sound-source transmitting unit and the
sound-source receiving unit operate in accordance with pre-
determined conditions and the actual amount of frost can be
determined by the sound-source transmitting unit and the
sound-source receiving unit, it is possible to prevent unnec-
essary defrosting.

Further, it is possible to effectively sense the volume
absorbed into the frost on the evaporator and the amount
reflected from (passing through) the evaporator, in accor-
dance with the arrangement of the sound-source transmitting
unit and the sound-source receiving unit.

Further, since the heating unit can be operated only at the
point of time where defrosting is needed in accordance with
the sensed result of the sound-source transmitting unit and the
sound-source receiving unit, it is possible to reduce the power
consumption.

Further, it is possible to photograph the frost on the evapo-
rator with the photographing device and to determine the
amount of frost on the basis of the taken picture.

Further, it is possible to divide the frost and the background
from the image taken by the photographing device by using
an image processing method, particularly binarization, and to
accurately determine the actual amount of frost in accordance
with the number of pixels brighter than a reference value.

Further, since defrosting can be selectively performed in
accordance with the actual amount of frost, it is possible to
prevent unnecessary defrosting and reduce the power con-
sumption.
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What is claimed is:

1. A refrigerator, comprising:

a compressor, a condenser, and an expansion unit;

an evaporator for evaporating a refrigerant that has passed
through the expansion unit;

a heating unit for providing heat for defrosting the evapo-
rator;

a photographing device provided at one side of the evapo-
rator and disposed to photograph the evaporator, so as to
sense the amount of frost on the evaporator, the photo-
graphing device including a photographing unit for pho-
tographing frost on the evaporator and the surrounding
background; and

a control unit configured to determine the amount of frost
on the evaporator from an image taken by the photo-
graphing device by acquiring pixel values which are
proportionate to amount of frost on the evaporator by
applying image processing which includes binarization
that separates the frost from other acquired images to
determine the amount of frost on the evaporator, the
controlunit further configured to control the heating unit
to operate when the determined amount of frost exceeds
a predetermined amount.

2. The refrigerator of claim 1, wherein the photographing

device further includes a lighting unit that emits light to the
evaporator when the photographing unit takes a picture.
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3. The refrigerator of claim 1, wherein the operating con-
ditions of the photographing unit are based on whether an
operating time has passed a predetermined time.

4. The refrigerator of claim 1, further comprising:

a storage chamber where cold air is supplied; and

a door disposed to selectively close the storage chamber,

wherein the operating conditions of the photographing unit

are based on whether the number of times of opening the
door is greater than or equal to a predetermined number
or whether the open time of the door has exceeded a
predetermined time.

5. The refrigerator of claim 1, wherein the control unit is
configured to determine that a pixel having a brightness value
higher than a critical value in the acquired image is a first pixel
and a pixel having a brightness value lower than the critical
value is a second pixel.

6. The refrigerator of claim 5, wherein the control unit is
configured to determine that the first pixel in the acquired
image indicates frost and the second pixel in the acquired
image indicates other elements.

7. The refrigerator of claim 6, wherein the control unit is
configured to determine whether a predetermined amount or
more of frost is on the evaporator if the number of first pixels
in the acquired image is greater than or equal to a predeter-
mined number.



